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© An apparatus for Investigating particles In a fluid, and a method of operation thereof. 

© In order to investigate particles in a fluid, a flow cell (1) causes the fluid to flow past a sensor (16) which 
receives light from a continuous light emission system (76). When the sensor (16) detects a change in light, a 
particle detector (35) is triggered, which in turn triggers a pulse generator (34) and hence an intermittent light 
emission system (75). Light then illuminates the flow cell (1) to allow a CCD camera (15) to photograph the 
particle. The photographs taken by the CCD camera (15) are analyzed by an image processor (32). In order to 
obtain an accurate particle concentration measurement, it is necessary to modify the initial concentration 
measurement derived from the analysis of particle images by the image processor by a compensation 
coefficient. This operation is carried out by a concentration compensator (39). The result may then be displayed 
(38). Additional analysis may be carried out by changing the magnification of the CCD camera (15). or by 
selecting for analysis only those particles of a selected size or type. 
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The present invention relates to an apparatus for investigating particles in a fluid. It is particularly, but 
not exclusively, concerned with an apparatus for investigating urinary sediments in urine, or blood cells in 
blood. The present invention also relates to a method of operation of such an apparatus. 

The standard way of analyzing urinary sediments is by shape and size. Samples of urine are separated 
s into liquid and sediment, using a centrifugal separation arrangement Then, the sediment is dyed and the 
dyed sediment is studied by means of a microscope. It is important to know the concentration of sediment 
in the urine, and therefore the rate of centrifugal separation, and the quantities of samples investigated are 
constant Originally, such investigation was carried out entirely manually, but attempts have been made to 
automate the analysis. 

to In US Patent Specification No. 4,338,024 (corresponding to JP-A-57-500995), it was proposed that a 
flow of the fluid containing the particles was guided through a suitable guide means, such as a flow cell, 
and images were then generated of the flow at a particular point in that flow path. A CCD camera was used 
as an image means to observe the particles, and an enlarged image could then be generated. The CCD 
camera was operated periodically, with a fixed time between operations. Furthermore, US Patent Specifica- 

75 tion No. 4,338,024 mentioned the use of the images to derive a particle concentration (density) measure- 
ment. 

Furthermore, in JP-A-63-94156, there was separate detection and imaging of the particles. The particles 
were detected at a first point in the flow path by a particle detector, and the image means was triggered 
only when a particle was detected. The image means was located downstream of the particle detector, so 

20 that a suitable delay imposed on the triggering could enable a particle detected by the particle detector to 
be observed by the image means. 

The proposal for concentration determination in US Patent Specification No. 4,338,024 is generally 
satisfactory when the concentration of particles is high. However, if it is applied to the investigation of 
particles of a low concentration, a very large number of images must be generated before a suitable 

25 concentration measurement can be obtained. In US Patent Specification No. 4,338,024, the image means 
(camera) was triggered independent of the number of particles. Therefore, if the concentration of particles 
was low, images would be generated with no particles present. This poses a particular problem in the 
analyze of urinary sediments, because such sediments may have a low concentration. 

The arrangement proposed in JP-A-63-94156 is more suitable for analyzing particles of low concentra- 

30 tion, because the imaging means is only triggered when the particle detector detects that a particle is 
present in the flow. However, investigations made by the applicants have shown that the images generated 
by the arrangement of JP-A-63-94156 do not provide a satisfactory concentration measurement. Since the 
image means is downstream of the detecting means, there is necessarily a delay time between the 
detection of a particle and the activation of the image means. Any particles passing the image means within 

35 this delay time will not be detected. Therefore, the applicants have found that there is an error in the 
measurement of concentration which increases with increasing concentration. 

Therefore, in a first aspect, the present invention proposes that a particle detector is used to detect the 
particles at a first point in the flow, and the particle detector then triggers an image means. Then, an initial 
concentration value of the particles in the flow is obtained by direct measurement, but subsequently a 

40 modification is made to that initial concentration value using a compensation coefficient, thereby to derive 
an accurate particle concentration measurement. 

It is possible, within the present invention, for the modification of the initial concentration value to be 
made on the basis of a stored compensation coefficient, but it is preferable that use be made of the 
detection of particles by the particle detector. As has previously been mentioned, the applicants have found 

45 that the discrepancy between the concentration as derived from the images and the true concentration is a 
function of particle concentration. Therefore, if the particle detector detects a relatively large number of 
particles, the modification to the initial concentration value is greater than when it detects only a few 
particles. 

As has previously been mentioned, the present invention relates to both apparatus and method aspects, 
so Preferably, the particle detector generates a continuous beam of light, so that the particles can be detected 
by a suitable light detector. In a similar way, the image means may generate an intermittent series of light 
pulses, which pulses are determined by the particle detector, and the interaction of those light pulses with 
the particles being picked up by an imaging device. 

Once the particles have been detected, and their true concentration determined, it is then possible to 
55 classify them on the basis of their concentration. 

When a manual investigation of particles in a fluid, such as urinary sediments in urine, is carried out 
using a microscope, it is possible to vary the magnification of the microscope to investigate particles of 
different sizes. Neither US Patent Specification No. 4.338.024 nor JP-A-63-941 56 considered the question of 
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m *CS^?EE«ion therefore proposes that the image means which is triggered by a detector 
uP sJTam P of the image means, be arranged to vary each magnification. However, if this ,s done ,t ,s also 
necessary to change Either or both of the detection dimension of the particle detector, or a d.mens,on of the 
fluid flo^aithe image means, in order to obtain an accurate measurement. If. for example, the d.mens.ons 
of the fL aUhe image means is significantly wider than the area considered by the .mage means, then an 

' maC ™l::7ZS t^mTnsion of the detection, or the flow at the image mean, in dependence on 
the magnification may be used with the first aspect of the present invention, but .s a second independent 
«pect FuSermore. the principle of varying the dimensions of the fluid flow at the .mage means in 
dependence on the magnification is applicable to arrangements in which the image means « .not contro Ned 
by a particle detector upstream of the image means, such as e.g. the arrangement proposed m US Patent 

SPeC F i uSe^o N re; t? Saspect of the present invention, it is proposed that the image means is arranged 
to select tnT magnification on the basis of information from the particle detector, which detect s 
the flow Again, although this aspect of the present invention may be used m conjunct.cn w.th e.ther or both 
of the first and second aspects, it is an independent aspect of the present invention. 

A fourth aspect of the present invention is concerned with the invest.gat.on operates that are earned 
out on the particles. In some cases, such as the investigation of urinary sediments in ur.ne part.cles of a 
given size range may be of two or more types, one of which is significantly more common than another or 
others A satisfactory measurement of the or each common type of particles may be made .n a relatively 
short "time but a longer period will be needed accurately to analyze the more rare type of particles^ 
Therefore, the fourth aspect of the present invention proposes that all particles of a given s.ze be measured 
for a first time range, and particles of that size, but of a specified type, investigated w.th.n a second tome 
range. The time ranges may overlap, and indeed the time for measurement of the more common partocles 
mav be included within the time for measurement of the less common particles. 

Furthermore, this fourth aspect of the present invention is not limited to arrangements cons.denng on y 
the size of the particles, and another property of the particles may be chosen instead. Also, .t .s poss.ble to 
consider particles of two different types in the two different times. 

Again, this fourth aspect of the present invention can be used in conjunct.cn w.th any of the prev.ous 
aspects, but is an independent aspect of the present invention. 

Embodiments of the present invention will now be described in detail, by way of example, w.th 
reference to the accompanying drawings, in which . . 

Figure 1 is a perspective view of the structure of an apparatus for determining the density of particles in 

a fluid, being a first embodiment of the present invention; 

Figure 2 is a perspective view of part of the apparatus of Figure 1; 

Figure 3 is a perspective view of a piping system for the apparatus of Figure 1 ; 

Fioure 4 illustrates the basic configuration of the detection system in the embodiment of Figure 1; 

Figure 5 is a perspective view of the structure of a flow cell which may be used in the embod.ment of 

Figure 1; 

Figure 6 is a sectional top view of the flow cell of Figure 6; 
Figure 7 shows timing cycles in the embodiment of Figure 1; 

Figure 8 is a graph showing the relationship between particle concentration and number of partocles 
photographed; 

Figure 9 is a flow-chart illustrating concentration analysis in the embodiment of Figure l; 

Figure 10 is a flow-chart illustrating the operating procedure of the embodiment of Figure 1; 

Figures 11a to 11d illustrate examples of flow switching in a flow cell of a second embodiment of the 

present invention; 

Figure 12 illustrates the basic configuration of the detection system in a third embodiment of the present 

Rg!ire 0 13 is a flow-chart illustrating the Operational Flow of Concentration Analysis in the embodiment of 

Figure 14 is a timing chart showing the operation of a fourth embodiment of the present invention; 

Figure 15 is a timing chart showing the operation of a fifth embodiment of the present invention; 

Figure 16 illustrates the configuration of a sixth embodiment of the present invention; 

Figure 17 is a sectional top view of the flow cell in the embodiment of Figure 16; 

Figure 18 is a timing chart showing the operational timing in the embodiment of Figure 16; 

Figure 19 illustrates the configuration of part of a seventh embodiment of the present invention; and 
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Figure 20 is a perspective view of the structure of an eighth embodiment of the present invention. 
A first embodiment of the apparatus for determining the density of particles in a sample will now be 
described with reference to Figs. 1 to 10. 

As shown in Fig. 1, the apparatus has: an optical measurement system 80. a processing unit 37, a 

5 display unit 38. and a keyboard 71 which are placed on the top of a table 94. A preprocessor 87 is placed 
next to the optical measurement system 80. Controllers 31. a drainage tank 81. a clean liquid bottle 82, a 
dyeing liquid bottle 83, and a washing liquid bottle 84 are located under the table top 94. The preprocessor 
87 has a protective cover 85. The cover may be opened to mount or remove a sample disk 86. The display 
unit 38 is used to display the operating status of the device and results of analysis, and is located near the 

to optical measurement system 80 so that the operator can work and. at the same time, monitor the operation 
status of the device and the results of analysis. The table top 94 has a space on which the operator can 
place the sample disk 86 and put specimens in the sample disk. An electromagnetic valve unit and a liquid 
supplier 93 are located behind the optical measurement system 80. There is also an operation panel 95 on 
the front of the optical measurement system 80. 

75 The controllers 31 under the table top 94 are mounted on a slidable rack for easy maintenance. The 
drainage tank 81 . the clean liquid bottle 82, the dyeing liquid bottle 83. and the washing liquid bottle 84 are 
provided on the front of the device so that they may be demounted easily for replacement. 

As described above, and shown in more detail in Fig. 2, the preprocessor 87 is placed close to the 
optical measurement system 80. The preprocessor 87 has a removable sample disk 86 which has a series 

20 of one test tube holes 89 around its outer circumference. An absorbance sensor 90 and a bar code reader 
91 to read bar codes attached to the sample containers are provided under the sample disk 86. A sampling 
pipet 59. a flow cell pipet 61. and stirrers 57a and 57b are provided around the periphery of the sample 
disk. These pipets 59 and 61 and stirrers 57a and 57b are designed to turn and move up and down. The 
sampling disk 86. a washing port 64a. and reaction tanks 63a and 63b are all within the range of movement 

25 of the sampling pipet 59. Similarly, a flow cell 1. a washing port 64b, and reaction tanks 63a and 63b are all 
within the range of movement of the flow cell pipet 61. 

Fig. 3 is a schematic representation of the piping system for liquids in this first embodiment of the 
present invention. The clean liquid bottle 82 stores clean liquid, which is free of particles of a size equal to 
or larger than those which may be found in any specimen. The clean liquid bottle is connected to the 

30 washing ports 64a and 64b. the reaction tanks 63a and 63b, the sampling pipet 59, and the flow cell pipet 
61 through a liquid supply pump 96a, liquid suppliers 93a to 93d. Electromagnetic valves 92 are also 
provided in the piping system. 

The dyeing liquid bottle 83 stores a reagent which quickly reacts with and dyes particles in specimens 
and is connected to reaction tanks 63a and 63b via the liquid supplier 93b. The washing liquid bottle 84 

35 stores a liquid containing ingredients for cleaning the piping system and is connected to the piping system 
via the liquid supply pump 96b. The drain tank 81 is connected to the washing ports 64a, 64b, and 64c, the 
reaction tanks 63a and 63b. and the flow cell 1 . 

The operations of the liquid suppliers, electromagnetic valves, pumps, and pipets are all controlled by 
the controller 31. Liquid suppliers 93a and 93d are driven at a constant speed repeatedly to receive and 

40 expel a preset amount of liquid. This causes the sampling pipet 59 and the flow cell pipet 61 to receive and 
expel preset amounts of liquid at a precisely preset speed. 

The configuration of the detection system of this embodiment is illustrated in Figs. 4 to 6. The upper 
and lower sides of the flow passage of the flow cell 1 are made of flat and clear glass and the flow cell is 
placed under the microscope 13 so that its flow passage may be at the focus of a microscope. 

45 The flow cell has a sample liquid inlet 3 and a sheath liquid inlet 2 which encloses the sample liquid 
inlet 3 at the center of the upstream end of the flow ceil 1. The sample liquid 6, which contains particles to 
be analyzed, is fed at a constant rate through the sample liquid inlet 3 and clean liquid containing no 
detectables particle is fed at a constant rate through the sheath liquid inlet 2. A steady laminar flow (sheath 
flow) is formed inside the flow cell 1 in which the sheath liquid encloses the sample liquid. The particles to 

so be analyzed in the laminar flow are carried at a constant speed through the flow cell 1. In this laminar flow, 
the sample liquid flows in the form of a fiat, thin and wide ribbon. The sample liquid supplying means and 
the sheath liquid supplying means have their liquid supply rates controlled so that the cross-sectional shape 
and the flow rate of the sample liquid 6 inside the flow cell 1 may be varied 

On one side of the flow cell, a light pulse emission system 75 and a laser light emission system 76 are 

55 provided, which illuminate the flow cell. A microscope 13 is provided on the other side of the flow cell 1. 
Fig. 4 illustrates optical systems in the light pulse emission system 75, the laser light emission system 76. 
and the microscope 13. The flow cell 1, the microscope 13. the light pulse emission system 75, and the 
laser light emission system 76 respectively have a movement mechanism for accurately adjusting their 
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•"^iSrSST emission system 75 comprises a pu.se Hght source 21. a .ens 22. a variable diaphragm 
42. and a condenser .ens 11. The .aser light emission system 76 comprises a laser 19. a conversion ^lens 
43 a mirror 18. The condenser lens 11 is common to the laser light emiss.on system 76 the hght pulse 
emission system. The microscope 13 on the other side of the flow cell 1 comprises an objective lens 12 a 
sli-iansparent mirror 14 behind the objective lens 12. a variable slit 45 and a sensor 16 on the 
Emission side, a variable lens 41 and a CCD camera 15 on the reflection s,de. and a beam trap 48 close 

10 th i 0 shown e in e Rg U fe 4. the image processor 32 is connected to the CCD camera 15 and the particle 
detector 35 is connected to a sensor 16. A signal representing the magnitude of light detected by the 
sensor 16 is sent to the particle detector 35. The particle detector 35 is connected to a counter 36 and to a 
X generator 34. The "mage processor 32 and the counter 36 are connected to a display unit 38 through 
r C oncen"ration compensator 39. A clock 31 is connected to the CCD camera 15 and to the pulse generator 
L The pulse generator 34 is further connected to a light pulse source 21 and to the concentrate 

COm ?ontinu 0 ous 9 '.ight. emitted from the laser 19 is trapped by a beam trap 48 and does not enter the 
objective lens 12. However, the light scattered by a particle moving in the flow cell 1 enters the objective 
Tens 12 passes through the semi-transparent mirror 14. and then is detected by the sensor 16. The variable 
slit 45 in front of the sensor 16 allows light coming from a specific detection area in the flow cell 1 to pass 
through and shuts off all light coming from other areas. 

The apparatus of this first embodiment of present invention has two magnification modes. Hgh 
Magnification mode and Low Magnification mode. Switching between these modes is achieved by simulta- 
neously changing the variable lens 41. the variable diaphragm 42. and the variable slit 45. Since the s.ze of 
the area 9 to be illuminated by light pulses and the intensity of the light changes when the vanable 
diaphragm 42 is changed, the CCD camera 15 can be set to optimum light intensity and contrast even 
when the magnification is changed. The variable slit 45 limits the range over which scattered hght 27 can 
enter the sensor 16. When the width of this variable slit 45 is changed, there is a change in the range of the 
scattered light 27 to be detected by the sensor 16. When the magnification is changed, the width of the 
image pickup area varies and at the same time there is a change in the width of the area over which the 

scattered light is detected. • „ 

Figure 6 illustrates the image pickup area and the detection area in the flow cell 1. Ught from the image 
pickup area 10a is focussed by the objective lens 12 when the optical system is in the High Mult.plicat.on 
mode reflected by the half-mirror 14. converted by the conversion lens 41. and picked up by the CCD 
camera 15. The image pickup area 10b is the area whose image is detected by the CCD camera 15 when 
the optical system is in the Low Multiplication mode. These areas are thin, flat and wide, like a tape. In each 
mode the light from the light source 21 uniformly illuminates the corresponding image pickup area 10a. 
10b In the High Multiplication mode, light scattered by a particle in the detection area 50a is detected by 
the sensor 16. In the Low Multiplication mode, light scattered by a particle in the detection area 50b is 
detected by the sensor 16. Those detection areas 50a and 50b are upstream (to the direction of hquid flow) 
of the image pickup areas 10a and 10b. The length of a side of the detection area 50a. 50b parallel to the 
direction of liquid flow is very small and the length of a side transverse to the direction of liquid flow is 
approximately equal to the width of a side of the corresponding image-pickup area 10a. 10b transverse to 
the direction of liquid flow. Continuous light from the laser 19 evenly illuminates a region including the 

detection areas 50a and 50b. 

As described above, the width, thickness, and flow rate of the sample liquid flow .n the flow cell may be 
changed in dependence on the multiplication mode. The liquid suppliers 93a and 93b controlled so as to 
supply the sheath liquid 5 and the sample liquid 6 at a constant rate so that the sample liquid may flow with 
a predetermined flow rate and with a predetermined width and thickness, depending on the multipl.cation 
mode. The width, thickness, and flow rate of the sample liquid flow are determined as follows: 

i) In the High Multiplication mode, the thickness of the sample liquid flow is controlled to be approxi- 
mately equal to or slightly less than the transverse width of the image-pickup area 10a determined by 
the microscope 13. Thus, in this mode, the sample liquid flows through a section a little narrower than 
the image pickup area 10a. The flow .rate of the sample liquid is controlled so that the sample liquid may 
cover the image pickup area 10a (along the flow) in a much shorter time than the image pickup cyce 
period of the CCD camera (preferably at least 30 times the cycle period). The amount of the sample 
liquid flowing in the pulse direction of the pulse light source 21 is preferably smaller than the image 



resolution. 
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»i .n .ha Low Multiplication mode, the thickness of the sample liquid is controlled to be approximately 
^^iZSSt^ the thickness of the image pickup area 10b determined by the m«roscope 
l^Thus n t*s mods, the liquid sample flows through a section a little narrower than the width o the 
13. Thus in this mooe. q h ^ control , ed SQ mat ^ ^pte liqu.d 

'^^rpS a; Ob (along the flow) in a much shorter time than the image pickup 
may cover ^ ^IcD c^e a (preferably at least 30 times of the cycle period). The amount of the 
sXeC ^~S^2Sn - the pulse Hght source 21 is preferab,e smal.er than the 



^oSSta^of this embodiment of a particle analyzing device according to the present invention will 
now * ,S5£ ™ ^Pa^cle analyzing device of this invention has six operation modes: Setting. Waiting. 

-c,™ MODE-Tsetectrd us^g ?he operation pane. 95. The display unit 38 shows the remaining 

attaches a bar code abe. containing samp.e information to each container 60. The samp e «Mn« are 
oun^ the sample disk 86. which can have many sample containers 60 therem. Then the sample d,s c 8* 
having the sample containers 60. is mounted in the preprocessor 87. The operator can put another sample 
qTdVn anothe'r sam P .e disk 86 for the next analysis while the analyzing device 71 ,s ,n serv,^ 

if th« -MEASUREMENT MODE" is selected using the operation panel 95. and the START button 
L J a^fvzinq device 72 works automatically until it has analyzed all specimens set on the sample 
^'^oTZ Z^tl. the analyzing device causes the samp.e disk 86 to make a ful. revo.ut.on 
^fds the bTcodes of all samp.e containers on the sample disk, and stores their specimen numbers ,n a 
Zlt^TZ\tU starts, the display unit 38 shows the specimen ^^^Ta^ 
^"container and the Z^Z^s^ZZt 
a^e^ sCrdirr^replaced by another sample disk ha in new 

specCns on it. the analyzing device automatically re-enters the Measurement mode and analyzes the new 
specimens^ ^ ^ ^ gg js press{jd whj|e tne analy2ing device is in 

it had been operating set before the Emergency Test mode. 

After analyzing all specimens for a day. the End mode is set. Also m this mode, the display unit 38 
show^^emaining amount of Hquids (dyeing liquid, clean liquid, washing 

S left available should then be checked. If the amount of any liquid is not sufficient, the ^o^esponding 
S nidr o be reolaced by a new one. The pipets. the reaction tank, and the piping system should be 
washed 1 lw^££u2. a list of the analysis results displayed and printed out. then the mam switch 

^ .UheTarlide ana» y zing device is not to be used for a long time, the Holiday mode can be set. m the 

automatically inform an appropriate maintenance service. 

in the Measurement mode, a sample disk 86 having sample containers w.th b* cod Mat els or . it is put 
in the preprocessor 87. When the samp.e disk 86 is received, the ' Preprocessor 87 ^^^^JJf 
and causes the bar code reader 91 to read the bar code of each c0 ^™™™ 
The read data (presence or existence of a sample, sample type, and specmen number) is used as process 
data and for identification. An absorbance sensor 90 is provided to measure the absorbance of each 
samples and detect abnormal samples before analysis. 
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After being stirred by the stirrer 57b. the sample container 60 on the sample disk is moved and stopped 
in the moving area of the sampling pipet 59. After stirring sample liquid in a sample container 60. the tip of 
he ItZ is washed in the washing port 64c. The tip of the sampling pipet 59 ,s put ,nto a sample 
container 60. the contents, extracted and the sampling pipet 59 then moves to one of the reacfon tanks 63a 
and 63b together with the sample liquid. A preset amount of the sample l.qu,d ,s then put ,nto the reaction 
tank 63a 63b. Suction and ejection of sample liquid into and out of the p.pet 59 .s ach.eved by controlling 
the amount of movement of a piston of the liquid supplier 93a. After the sample liquid has bean , ejectox into 
Z Taction tank, the end of the sampling pipet 59 is put into the wash.ng port 64. to wash ,t. Dunng the 
washing period, clean liquid is supplied from the clean liquid bottle 82 to the wash.ng port 64 to flush clean 

^ AteMhis^the 1 Hquid supplier 93b is driven to transfer a preset amount of the dyeing liquid from the 
dyeing liquid bottle 83 to the selected reaction tank 63a or 63b. The sample liquid and the dyeing liquid are 
stirred and mixed for a preset time in the reaction tank. Then the flow cell I pipet 61 is .nserted into the 
reaction tank 63 and the dyed sample is extracted. After this, the reaction tank 63 .s washed clean w,th 
clean liquid. The liquid used to wash the tank is drained to the dramage tank 81 

The flow cell pipet 61 holding the dyed sample moves to the flow cell 1 and .ts bp .s .nserted into the 
top of the flow cell 1. When the tip of the flow cell pipet 61. is received by the flow cell, the inte to f he .flow 
cell 1 closes tightly. The liquid supplier 93a starts to supply clean liquid from the clean liquid bott e 82 to 
the flow cell 1 and then the liquid supplier 93 causes the flow cell pipet 61 to inject the dyed sample liquid 
into the flow cell. The supply of the clean liquid and the injection of the dyed sample liquid are controUed 
by the liquid suppliers 93c and 93d so that they may be a preset flow rate may be ach.eved As described 
above the liquids pass as a laminar flow through the flow cell towards the drainage tank 81. The part.cle 
analyzing device waits until the flow inside the flow cell 1 is steady and then starts measurement. 

The analyzing device first starts measurement in the Low Magnification mode. After a preset time, the 
supply of the sample liquid and the clean liquid is slowed to a slower rate for a preset time. Simultaneously 
when the supply speeds are changed, the variable lens 41. the variable slit 45. and the variable diaphragm 
42 are changed to correspond to the High Magnification mode. The measurements on the sample are 
repeated in the High Magnification mode for a preset time. After all the contents of the flow cell p.pet 61 
have been injected, the flow cell pipet 61 is washed in the wash.ng port 64b. . 

Before the analysis of one specimen is completed, the particle analyz.ng dev.ee starts another 
measurement by turning the sample disk 86. causing the sampling pipet 59 to suck in the next speamen. 
putting the sample liquid in the other reaction tank 63a or 63b. and mixing it with the dye.ng liquid by he 
stirrer When washing of the flow cell pipet 61 used for the current specimen is completed, mixing of the 
next specimen with the dyeing liquid has already been completed and is ready for the next analys.s. Thus 
these reaction tanks 63a and 63b are used alternately to permit continuous analys.s. 

In the Emergency Test mode, it is also possible to put a specimen on the secondary sample stand 58 
for urgent analysis. In this case, the sample disk 86 is not used. Sample liquid is put in a sample container 
60b and placed on the secondary sample stand 58. The sampling pipet 59 extracts sample hquid directly 
from the sample container 60b and transfers it to the reaction tank 63 for analysis. 

Figure 7 illustrates the timing of the image pickup system during a measurement operat.on. The CCD 
camera 15 may be of the interlace type and may thus synthesize two field images into a sing e screen 
image. The image storage period of field S deviates from that of field T by a field cycle (half of a frame 
cycle). Each field has an image storage period and an image transfer period in a frame, to form a single 

' ma9 The CCD camera stores the amount of light incident upon the image pickup plane as an electric charge 
in a memory during the image storage time and transfers the stored electric charge in a comparatively short 
time during the transfer period. No electric charge remains after it is transferred. Then the storage penod 

re-starts. . 

The sensor 16 in Figure 4 receives light scattered by a particle and sends a s.gnal representing its 
intensity to the particle detector 35. When a particle 7 to be analyzed moves through the detection areas 
50a or 50b in the flow cell 1. the intensity of light incident upon the sensor 16 varies. The part.de detector 
35 detects when there is a change of at least as great as a preset level and classifies the change in the 
signal into an appropriate signal class in dependence on preset patterns. When the change in the s.gnal 
change belongs to any of the preset signal classes, the particle detector outputs a timing s.gnal. The or 
each signal class which causes a timing signal to be generated are specific to each magn.ficat.on mode. 

The pulse generator 34 has a gate circuit The gate signal operates in the same cycle as the field cycle 
of the CCD camera 15. The gate closes a suitable delay time before either of the fields, enters a transfer 
period, and opens after the transfer period. If a timing signal is received when the gate s.gnal is "open . a 

& 
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Flash On signal is generated after a predetermined delay time which is equivalent to the time in which a 
particle 7 to be analyzed moves from the area 8 illuminated by continuous laser light to the image pickup 
area 10a 10b in the flow cell 1. The pulse light source 21 flashes due to this Flash On signal. The delay 
time is specific to each magnification mode. The gate remains closed until the next field cycle starts and 
opens again when the image storage period of the next field cycle starts. A Rash On signal is not generated 
when a timing signal is input while the gate signal is at "close". In other words, the pulse light source 21 is 
designed to flash only once in two consecutive field cycles of the CCD camera 15. 

The CCD camera 15 takes an image of a particle 7 which is moving in the image pickup area 10a. 10b 
when the pulse light source flashes, the image is then stored as an electric charge, and the charge is 
transferred to the image processor 32. The image processor 32 analyzes the image data and class.fies it 
into a shape class according to the type and properties of the particle 7. „o 

When the image contains two or more particles, each particle is analyzed. The image processor 32 
outputs the result of the analysis to a concentration compensator 39. At the end of a series of measure- 
ments the concentration compensator 39 calculates the concentration (density) of particles in the specimen 
according to the number of the photographed particles and outputs the result to the display un.t to display. 
The particle concentration is calculated as follows: 

The relationship between the concentration of particles in a specimen and the number of photographed 

particles is obtained as follows: . 
The mean number of particles contained in a sample volume equivalent to one image-pickup field is 

determined by Equation 1 . 
X = nr Equation 1 

The expected number of photographed particles N, is determined by Equation 2. 

N, = N,P|n, Equation 2 

In these Equations 1 and 2 N, is a field number determined by the field cycle and the time of 
measurement of the CCD camera. It is constant when the conditions of measurement are determined. The 
photograph probability of a field represents the probability of a particle being present and photographed in 
the field during a field cycle (while the gate is open). This value increases with increase in concentration 
(density) and decreases with decrease in concentration. In Equation 2. N, is the predicted number, for 
particles'in one image, of the number of particles in a screen which are detected and photographed. This 
value is approximately when the particle concentration is large and approximately 1 when the particle 
concentration is small. For the embodiment of the particle analyzing device of the present invention, values 
of N f . P|. and n ( are approximately 3. 4, and 5 respectively. 

The following equations hold 



Equation 3 



T 




Equation 4 



n ( = e"°" h,x + X Equation 5 

In Equations 3 to 5 t T is the time of measurement t, is a field cycle, m is an acceleration determined 
by the flow conditions, h is a constant determined by the conditions of the photographing of the image. 
The acceleration m is Equation 6. 
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,n Equation 6. V, is the volume of sample liquid flowing in a field cycle. It .s the product of tte joss 
se Jon of the view field through which the sam P .e liquid flows, the flow rate of the sample liquid and the 
fieS cycle time, v is the volume of liquid in the view field, which is. the product of the cross sect,on of the 
vSw field Td the length of the view field in the direction of liquid flow. The value of m increase w,th 
in c r e as!nQ flow rate of fee sample liquid becomes greater. As seen from Figure 4. the value of P, increases 

particles. Furthermore, the value of m increases with decreasing transfer time t, of the CCD camera. 

From Equations 1 to 6. the relationship between the number of photographed parties N, and the 
particle concentration n can be obtained. This is applicable to any particle concentration (from low 
concentration to high concentration). 

When the magnification mode is changed, the volume of view field v ^changes Th ™ f0r *** 
acceleration rate m should be unique to each magnification mode, to change the flow rate of the sample 
naufd Smilarly the time of measurement T should also be unique to each magnification mode. The 
constant s a un que value which is determined according to the operating conditions. As will be described 
in more detai. later the selection of the magnification mode may be in dependence on the type or number 
of particle present, therefore the particle detector 35 may generate an output to the CCD camera, as shown 

in R ?he 4 " concentration compensator 39 stores the relationship between the particle concentration and the 
number of photographed particles in a memory 39a. When it receives a signal corresponding to a number 
of particles photographed the concentration compensator 39 converts the signal into a particle concentra- 

ti0n Surr9 P sho^%roperationa. flow of analysis to particle concentration (density). First there is analysis 
of a specimen which, as has previously been described, involves resetting internal data ol f the .mage 
processor 32 and the concentration compensator 39. initializing, entering a measurement penod. determin- 
ing w elr or not an image was taken in each field cycle, outputfing the field data of the CCD > camera 5 
when no image was taken and entering the next field cycle directly or transfernng data of two fields of the 
CCD camera 15 to the image processor 32 when images were taken, causing the image V^cB^JZto 
synthesize image data of two fields into a single static image, analyzing the static image to get fee total 
number of particles in the image, classifying particles by shapes (into shape classes), adding the obtained 
total number of particles to N t . and adding the number of particles belongmg to shape class ; ] to P,. As 
image determination is performed once every two field cycles, this process is performed within a time 

equivalent to two field cycles. . . 

The steps described above are repeated until the end of the measurement time. At the end of the 
measurement time, the concentration compensator 39 calculates a particle concentration from N, using , the 
relationship between the number of particles photographed and particle concentrate i.e.. mod.fies the initial 
particle concentration determined from the number of particles photographed. The concentration compensa- 
tor 39 calculates the ratio of particles (P,) belonging to each shape class 0). multiplies it by its 
concentration, and records the result as the concentration of each particle type. 

A series of such measurements are performed in both Low and High Magnification modes under 
different conditions. Figure 8 illustrates examples in which the relationship between the concentration of 
particles in a specimen and the number of particles photographed is calculated. The X axis of the graph 
represents concentration of particles in the specimen and the Y axis represents the expected total numbe 
of photographed particles. The dotted lines at and a2 show the relati onship 'between the •nurnberrt 
particles photographed and the particle concentration in each magnification mode when the > CCD camera 
was driven periodically only even when no particle is detected. The solid lines b1 and b2 plot the 
relationship between the number of particles photographed and the particle concentration in each ma gnifica- 
tion mode for one embodiment of the present invention. As the High Magnification mode and the Low 
Magnification mode have different conditions of measurement, constants specific to each magnification 
55 mode are used for the calculations. 

In this embodiment, the sample liquid flows at a high flow rate through a section whose width 
(transverse to the flow) is a little narrower than but approximately equal to the width of the image pickup 
area. In other words, a large quantity of sample liquid can flow through the image p.ckup area 10a or 10b. 

-tO 
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Accordingly, the acceleration rate m shown in Equation 6 is large and a large number of particles can be 

ana '2^een from Figure 8. when the particle concentration range is low. this embodiment can photograph 
many more particles (more than 30 times) than when the present invention is not used (at and a2). For 
Snes at and a2. the number of particles that are photographed is too small to be analyzed and clashed 
into shape classes. For lines of b1 and b2. on the other hand, the number of particles that are photographed 
is sufficient for analysis and good information concerning the particle shapes can be obtained. 

If the number of particles photographed is small, it may be hard to estimate the particle concentration 

from the number of particles photographed. „.. mK »r „f 

Since the accuracy of the determination of the particle concentration increases with the number of 
particles photographed, this embodiment is capable of photographing many more particles (30 times or 
more). This gives a highly accurate estimation of particle concentrations and also enables estimation of 
Darticle concentrations of very diluted samples (30 times or more). 

If a sample has a large particle concentration, the number of particles photographed does not increase 
so much, but the photography of some hundreds of particles is enough for accurate particle analysis by 
shapes and estimation of particle concentration. To get results as accurate as those ach.eved by th.s 
embodiment, a conventional arrangement would have to prolong the time of measurement by 30 times or 
more This embodiment has the effect of shortening the measurement time. • 

Furthermore, in this embodiment, since the distance that a particle moves at a given flow rate while the 
oulse light source 21 flashes is smaller than the image pickup resolution of the CCD camera, the particle is 
almost still and clear in the image so that it can be analyzed satisfactorily. Even when the sample has a low 
particle concentration and only particles that passes intermittently can be photographed, the possibility of 
photographing particles is increased (as illustrated by Equation 2) and an accurate relationsh.p between the 
measurements in images and particle concentration can be obtained (from Equation 2). Hence, an accurate 
particle concentration can be obtained from the number of particles photographed. u „. 

Similarly even when a sample has so many particles that all of the particles passing through the view 
field cannot be photographed. Equation 2 can offer an accurate non-linear relationship between the particle 
concentration and the measurements on the images. Furthermore, when the sample contains many more 
particles and one view field contains several particles. Equation 3 can be used to give an accurate 
relationship between particle concentration and the number of particles in a single image. Thus, in said case 
an accurate particle concentration can be obtained from the number of particles photographed. 

As described above, this embodiment can give accurate particle concentrations even a wide range of 
particle concentrations in specimens (from low concentration to high concentration). Since th.s embodiment 
calculates a particle concentration only from the number of particles photographed, it can g lV e an accurate 
concentration of target particles from the number of photographed particles even when the sample contains 
one or more other kinds of particles or when particles cannot be detected and counted accurately. 

Furthermore, this embodiment controls the supply rate of sample liquid and the supply rate of clean 
liquid accurately, using liquid suppliers 93c and 93d. The time of measurement is also controlled by the 
controller 31. Hence a stable laminar flow (sheath flow) is formed in the flow cell 1. With th.s control, the 
quantity of sample liquid passing through the area 8 illuminated by continuous laser light and the image 
pickup area 10 and 10b during the time of measurement is always stable and constant The quantities of 
sample liquid and dyeing liquid passed to the reaction tank 63 are accurately regulated by controlling the 
movement of the liquid suppliers 93a and 93b. Accordingly, the dilution of the sample liquid by the dyeing 
liquid can be calculated accurately. 

In the flow cell 1. the sample liquid 6 has a flow in the form similar to a flat and thin tape whose 
thickness is approximately equal to that of the image pickup area and whose width across the flow .s equal 
to or a little narrower that the width of the image pickup area. In such a flow cell, every particle in the 
sample liquid moves through the focus of the camera optical system and can be photographed sharply, 
which enables satisfactory image analysis. As all sample liquid fed to the flow cell 1 moves through the 
image pickup area, the quantity of sample liquid fed to the flow cell is equal to the quantity of sample .quid 
to be analyzed. Accordingly, the operator can easily and accurately determine the amount of the analyzed 
sample liquid and the rate of dilution (by the dyeing liquid). Thus the particle concentration of the sample 

can be calculated accurately. . • ' 

Furthermore this embodiment stirs sample liquid, by use of the stirrer 57. ,ust before startmg the 
analysis so that any sediment in the sample may be dispersed uniformly before measurements are made. 
This makes analysis of particle concentration more accurate. This embodiment has two p.pets: a p.pet to 
transfer sample liquid from a sample container 60 to the reaction tank 63 and a pipet to transfer sample 
liquid from the reaction tank 63 to the flow cell 1. These two pipets enable analysis of many specimens in a 
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*„„ « .since a -f - ^-^^--^S 

specimen and reduces the amount ol washing Wd that a Bquia arrot | y lnt o the How cell 1 . 

*-*^*"£2£t£tt& ^<Z^ passing Lough a long pipe. 
2 ZSX'ZZZZS"' delay. This enahles an* yS is o, a o, spe*iens ,n a 

and influencing the P-^"**™- 5Qa 5Qb „ very narrow in the direction of the flow of liquid so 
' condenser .ens 11 to illuminate the flow cell 1. the particle analyzing device can be made compact. 
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*** — 76 Ca " »""~ short intermittent iHurnma- 
particte ananrang f be jncrease(J wjtnout making image s faint. Th.s 

TielTZ emclX of pa^ide arTysis. Furthermore, the transfer period of the CCD camera will 
EZTtTJSSTEn t£ image storage period. According, the time which is not arable for 
phSUfng t v^ry short and consequent* more partic.es can be photographed, as g.ven by Equation 6. 

™£SE2£2S !E£2E*n. to the contro, of the operation of the camera since the 
CcJcameTa^Ts only Operated cyclically. This embodiment uses only the standard functions of the CCD 
Lmera The CCD camera may be of any particular type. It can be an inexpensive and ord.nary CCD 
r. a m«ra This reduces the production cost of the particle analyzing device. 

The ^aae ^recording means may be an inexpensive and general-purpose recording medium such as a 
video^taoT recorder ^ the CCD camera operates intermittent.y regardless of whether parfcles move 
mmugn fhe flrcel." intermittently or irregular*. Such a recording device enab.es later analysis and disp.ay 

° f P T^mbodTment carries out only makes at most one photographing operation for two consecutive 
fie^ nd tt pie .ight source 21 f.ashes at an interva. not .ess than one fie.d 

ioht source £ can be an inexpensive one whose flashing interval is comparatively long The to a short 
^rintervals and the stab.e intensity of nomination permit high quaHty images to be obtained. 

jZ embodiment has two magnification modes (HIGH and LOW) and changes the image magn.ficahon. 
the si e oT the detection area, the size of the view field, and the flow rate of the sample hquid ,n 
dependence on the selected magnification mode. This effective use of the image p.ckup area m bo h 
SSon modes increases the efficiency of analysis. Furthermore, the de.ay time » vaned ,n 
d^dence on the selected magnification mode so that a particle may be photographed as soon as . 
mTes Tthe image pickup area 10a. 10b in each magnification mode. This increases the efficiency - of 
oartde anaWsis Since the coefficients of the formula relationship between part.de concentre ion and 
number of photographed particles are varied according to the selected magnification mode, exact part.de 
concentrations can be obtained in both magnification modes. 

T tnS embodiment, the operator can know the concentration of target particles in the sample hqu.d 
from the ouC o ^e partic.e detector before an image ana.ysis is performed and change ^.^ oi 
the simple 'quid so as to get the optimum number of partic.es for ana.ys.s. The sheath ..quid .s clean and 
free from any unwanted particles that may otherwise be detected and photographed. 

A sTc^nd embodiment of the present invention wi.. now be described with reference to F.gure ; 11a to 
1 1d Fgures 1 iT to 11d i.lustrate four ways (a) to (d) in which a sample .iquid may f.ow through « 
field of the flow cell of the first embodiment of the present invention. In each way. the size of the detect™ 
area Sol 50b. and/or the size of the image pickup area 10a. 10b and/or the flow rate of samp.e ..quid are 
chanaed according to the magnification mode selected. 

in way (a) shown in Figure 11a the width of the flow 6a. 6b of sample liqu.d remams unchanged in both 
Low a^h magnification modes, but the flow rate and the thickness of the flow are changed in 
dependence on the magnification mode selected. The width (across the flow) of the sample hqu,d flow £ 
6bTs made greater than the width of the image pickup area 10a. 10b in e.ther T^f^^^"* 
wW h of the detection area 50a. 50b is changed so as to be approximately equal to the width 
Sup area 10a. 10b. Therefore, only part of the samp.e liquid fed to the flow cel. 1 
Se pTckup area 10a. 10b. particularly in the High Magnification Mode. However, an accurate determ.na- 
Z of me vlme of the sample liquid flowing through the image-pickup area 10a. 10b can be obtained by 
0^^^ ^ ratio of samp.e liquid passing through the image pickup area 10a. 10b to the volume 
rpplfedTotnTfL ce... The width of the image pickup area 10a. 10b and the 

50a 50b vary but their widths are kept approximately identical. Therefore, a particle detected .n the 
defection areaSOa 50b always passes through the image pickup area 10a. 10b. The width o the sample 
JSSEL^TS^d not be adjusted accurately because only the flow rate and thickness of. the sample 
quid f ow a^e conned. AdditionaHy. only the centra, part of the samp.e liquid flow needs to have a 
SmTow Tate and thickness since only the centra, part of the flow 6a. 6b «^ 
th» ctmrture of the flow cell 1. Furthermore, in either magnification mode, the sample liquid 6a. 60 tiows 
!l a "SEJ ^ widVarieai equal to the width of the image pickup area 10a. 10b. This means that the 
Trie ^TaTea 10 a Tub is used efficiently and increases the efficiency of analysis. Furthermore the 
Sw passage'can be mad! ! wide since the sample liquid flow 6a. 6b has a large width and hence parfcles 
will not become clogged in the flow passage. 
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. .„ „ M shown in Rq 11b the width of the flow of sample liquid 6 remains unchanged in both 
in the way (b . shown in ' ™ h tnickness of the flow are changed .n 

■aSSJSBMttBM mode . the width (across the flow) 

dtp^aence on the T^"™^ sma er than ^e width of the image pickup area 10a in the Low 
of ^^ e ^^ a ^T^6^2n area 50a. 50b is changed so as to be approximately 
Magnification ™de ™d *°™«^™° a 1Qb ,„ eitner magnificat ion mode. Therefore, in the High 
equal to the width of -ft. image £*P^ • ^ 1 ^ ^ image pickup ^ 

Magnification ^^K^nS^of vo.ume of the sample liquid flowing through the image-pickup 
10b. However an ~2^ in ,n B the ratio of sample liquid passing through the image pickup 

Job r*Tv2S rS^W^CU... The width of the image pickup area 10b and the width of 
rVlJL La 5?b aTe approximately identical. Hence, a particle detected in the detect™ area 50b 
the detection area 50b are appro y Magnification mode, all the sample liquid 

^ed^rrclTpasSs Cgh The image pickup area 10* and thus the operator can know the 
supplied o the tow cel. i pass g accura t9ly. In the High Magnification mode m 

Tr th ^o a ^ »• ^ are sharp even smau partic,e , s can „ be 

which the focal distance ot tne m.cro v has a uni{ofm flow 

analyzed accurately because f!^^^^^^, 6b need not be adjusted accurately 

because only th .flow rate .and magn ification mode, the sample liquid flows uniformly 

LSn^iTSiS^^SSr?^ width of the image pickup area 10. in the Low Magnification 
S^TS^nTll- image'pickup area 10a. 10b is used efficiently and increases the efficiency of 

^^fnthe wav (O shown in Figure 11c. the width of the flow of sample liquid 6a. 6b remains unchanged in 
rr n f,^Dte B^rTis a li«le wide, than the width <X <ho image pickup area 10b and the widm 

US £ST£5£2 « JL means the image pickup area 10b isused 

Sir.r»d1naeases Ih. efficiency of analysis. Also in the Low Magnification mode, the width ot the 
u ll sal. Sot nan-ol and the sample liquid can How steadily at higher now rale. Th,s increases 

ZZSZ* ?«. — - «*-*?■*- T ^ """" 

SST^TbS 1 detect area 50 ,em,n S "~ ^"STE 

a ii „ m l liouid fed to the flow cell 1 flows through the image pickup area 10a. 10b. Hence, me 
mode all ^f^^^^Zme of the sample liquid flowing through the image pickup area 10a. 

S^^SS^^^^* Sim » e " ^ ^ ° f "» deteCti ° n ar6a 5 °H a, r Ttt^o 
r^Tcons^uently the particle analyzing system can be made compact and the adjusting 

h ftn be sSSed The sample liquid 6 flows uniformly, with its width kept equal to the width of 
procedure can be ^ Jnis means ^ tne image pickup area 10a. 10b is used 

the .mage ^"^^2 ^ °Sic? e noy of Analysis. Furthermore, whole particles are photographed since 
^JTJT^^S. of Jimage pickup area 10, 10b. This makes image ana,ysis 

aCC A at tnird embodiment of the present invention will now be described with reference to Figure , 1 2 and 
ir * ,V F^ure Trilustrates the basic configuration of this embodiment and Figure 13 shows an 
; oolrlna. £ of 1" ^ concentrations. The configuration shown in Figure 12 is genera lly 
sin 7X m^of Figured and corresponding components are indicated by *e same q 
similar io i y counter 36 is connected to the particle detector 35. The particle 

rr,:/ch u ,ng. =. . _ « - «*» - — - « - • *- — - 
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comparing » to one or preset patten,, "^^^^ ™- 

preset signal Casses. the partide det ector3S gen** - %^ c ^ac^ ag 9 nification mode . After the 
the particle detector 35 to generate a t,m,ng s gna coun * r 36 ^ number of 

particle detector 35 classifies the detected particle into a »0™^' * e *™ c|e detected by ^ partic ,e 
Ling signals for each signal clajs and sends ^^^^^^L in theLage pickup 
detector 35 to the concentrat.cn compensat or 39 ^If _two or ™ re D are sent to the concentration 

area, all of the partic.es calculates tfe posS of particles in the view field and 

compensator 39. The particle detector 35 S tne shape classes. (However, particles 

sends the resu.t to the concentration compensator 39 Zc^7Lget particle flows in a de.ay 

*om ZZ^ZSEXXZZ^ corner 39 analyses parades 

riVSSc area and stores their shapes - J ^"S" calculates the number of 

After the above series of measurement belonging to each 

partides in a preset quantity of sa^le.^ of and signa , 

^^Z^S^SZEZZ S"- 1 -ring measurement. The result is output to 
^ r of the counter 3S is 

particles C, belonging to a shape class j. 
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P„ is the number of particles belonging to both shape class J and signal class i; and 
t| is the number of particles of signal class i which is counted by the counter 36. 
n B is the number of shape classes; and 

according to the shape class j of the part.de and the agnal dass . ^ ^ within a 2 . field 

As the CCD camera performs ^ ^ *. 

cycle. The above shape Cass using Equation 7 and 

d™; e C :=™ type. Tnis sequence of operations occurs in both Low and 

High Magnification modes under f^^"^!'^.., f|owing at nign flow rate, the number of particles 
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high particle concentration. particles in all specimens supplied in the time of 

Furthermore, this embod.ment counts the number. at P*™ ber of particles in a 

measurement, which enables ca.cu.at.on of. ^^^J^, of the determination of the 
sam P .e volume greater than me v,ew JJuULT^numb* of particles of shape class j cor- 

zsss rr-^^ v. «- - — *- - - each 

14 shows the operation of the part.de "f^^^ a period of measurement in the 

, time base (the horizontal axis). The rV^S^T^^ Magnification mode. Each period of 
Low Magnification mode and a penod of meas uremenl in ™ 9 a subp eriods B and D are 
measurement is further divided into , two , ponding magnification mode. During 
respectively as long as a penod ° f "^"^ 

subperiod B measurement of large partcles d " "f^e subperiods A and C are respectively a part of 
« ment of small particles of low eoM ^ r ^^^j7^t of a time period of measurement in the 
period of measurement in the Low ^^e^eZntoitge partic.es of high concentration occurs 
High Magnification mode. Dunng «*P^™£E^JS£ concentration occurs. Therefore, subperiods 
and during subperiod C measurement of sm aH, ^ A ^ o{ a signa l class .s 

A. B. C. and D are respectively ^^J^^J^^^ m corresponding period. 
» photographed only when .t passes through ithe .mage P^? mod0i comparat ively large particles 

in a period corresponding to measurement '"^^/*2mpto liquid are photographed in subperiod A 
are analyzed. Urge particles that are frequently very small, are photographed in 

and large particles which are significant, a. hough J^^m^ Low Magnification mode, all large 
subperiod B. In the leading part of the penod of measurement , ^ ^ ^ 

25 CZT r53XS-" "en Z °a~ d L only partic.es of a type which is not 
^"JSEK the High 

and analyzed. Small particles that are <»«r™^^ the leading half of the period of 

30 small particles which are important, but m f^^Vg^ photographed. However, in the trailing 
measurement in the ^^^J^ ar"e not photographed even when 

half of the penod. partook* of a type which ^ ^ grapned . 

they are detected and only parties of a *P e ™ cn ' s n concentrati on particles and low concentrat.cn 
in the analysis of a liquid sample eoriwng do* high concentra p ^ ^ ^ 

35 particles, this embodiment waits. -*out photograph.ng unt.l -J^^,,,^^ low concentration 
trailing half of the image pickup penod. A ^ 9 ' y ch ^^ particles of low 

particles increases and the number of .mages of ^ P^' c 1 n = s ^ of analysis, 

concentration can be shape-analyzed us.ng a lot d J™^™^ be analyzed with high precision 
Furthermore, the concentration of even parties of Jw««nW concentration, the 

«> since such particles have ^^^^^^^^ in part of the measurement period. 
,arge number of images requ.red for ^ high concentration particles are 

irs^^ *i— - - — ° f partic,es in - 

sample is very accurate. This enables high -P^^E^ ^ subperiod A or C (measurement in Low 
in this embodiment, it .s possjble * J* ™° jt js p 0Ssible to set an upper limit to the 
Magnification mode) instead of holding * photographing particles of the signal 

number of images photographed for ^ch signa^ cla " ^ ^ way. a sampfe Squid having unknown 

ana.yzed accurately for particles oi *2*Z«on^*o» be described with reference to F.gure 15. Rgure 15 
A fifth embodiment of the ^ ^^^ , elativa to me time base (the horizontal axis). Each 
shows field cycles or frame cycles of JW0«- as one {rame cy c.e and the period E 

ss frame cycle contains periods E and F. The penoa r 

corresponding only to a trailing part of one ™™ C *™ M , otner words , peri od E is related to a signal 
Periods E and F are related to s.gna. class* ; o Pj^V' *TV dass * low concentration particles, 
class of high concentration particles and period F » related to a s.gna. 
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ln ,e .eading half of the frame cycle, no high 

concentration is high but lengfrenedwhe^ d tWs 

. When a sample liquid ^^-ngp-tcta ^tTaHy phtfog aphed in the .eading half of each frame 
embodiment, particles of low-concentration « »«*TJ™J ^^Accordingly, particles of low concentra- 
cycle (when particles of high concentrat.cn are ^^^^^SSA. « no particles of low 
/on have more chance to Je ^SS^S 3 ™tion AUd in the period E. 
concentration * 9 J^^^ without reducing the chances of photographing 

,o Thus, particles of h,gh «n«rtn*on are photog p ^ bQ ^ d W|th hign precis ion. 

particles of low concentration and particles of hign conce ™ au ° . orocessor which can only 

P ,» there is a frame cyc.e in which no image .s PMognptad. a .mag > * 

S^SiSrJSX . hrs. «. P«iod. ha»e a particle size and being o. on. type and. ,n a second «. 

The general emigre of this embodiment is similar to that ot Figure 4. and corresponding parts are 

indicated by the same reference numerals. passage ol a How cell 1 ol this 

30 AS shown in Figure 16. the upper and tower ad.s of «-»» passage microscop9 „. ^ 

embodiment are ^ "J™^,^.^ ^^z^lnSiL the sample liquid inlet 3 a, 



cell 1. 

40 



Two optic, systems a. placed on ft. side ., the flow a. ^sT,' m™ 1l*Z 

* and fteobiecJL,s12..nd is Elected by the i-« « - 
The m,croscope ,3 has » »™ S^-SJ^^U k-t, 

mounted on !» an Image processor 32 is connected to the 

9 I I STtanLSe d "lector 35 is connected to the sensor 16 so that a signal represent** 
so image recording unit 33. A partiae aeiecwi ^ nar 4 ir i a detector 35 The partic e detector 

the intensity of «ght which hits the senso, 16 may be sent 36 an, 

36 is connected » a «^^_^£S£5 '37 is^so clnneTd » a display unl, 38. A c,pd< is 
SSS To^CcTo^ir^Te^ulse general 34. The pulse genenator 3, is further 
ss connected to the pulse light source 21- con denser lens 11. also forms a Koehler illumination 

sysT SStS ^aTem^rr ^s^ission ^ - - 
1 and the objective lens 12. and is retired b, the semi-transparent m.rror 14 into the sensor 16. 
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Figure 17 shows the top sectionaUiew 
CCD camera by the objective lens 12. via he "^22^^ light is applied uniformly. The 
contained with the pulse light em.ss.on area S ' ^ Qf £ e image pickup area 10. 

continuous light emission area 8 « a ^*^^ areaS of the flow cel. 1. the 

When a particle 7 to be analyzed <= omes ,nt0 J^ e J "™ ? e detector 35 det ails this change in light 
intensity of light incident u P° n J^^^^ that a particle has passed 

pattern, compares it with pre-stored Ugh change P a " em ^ d n ht jntensity matches one of the ore- 
through this area 8. When ^"T^^ 7 has passed through the area 8 and 
SIS STSTS t the pattern which matches the Hght intensity 

change- aen erates for each pattern in dependence on the 

l»-H^W,SC 3S detects panics 
a tMn 9 signal is received »hen the gate signal s open ^ s ^" ^ ^ move5 „«,„, tne 

period and to be "closed" when a r^/S^t^^t^i is designed so that it does not output 
tne CCD camera enters the ne* ^^T^T ^ile he gate is closed. Accordingly, the pulse light 
a Flash On pulse signal when a timing signal .s input wnne we g*i 15 

is P designe 9 d so that only ^J^^^^^%^ area 10 as an 
The CCD camera 15 Sashes' and transfers them sample to the image 

electric charge at the time when Jf^^^r** is in the form of a semiconductor memory, 

recording unit 33. The image nca ^^^SS^tl image processor 32. The image processor 
stores data of one or more images and transfers 9 * , of the particle 7 and outputs 

, 32 ana.yzes the image data and <*™™* LTscle^SoTw en ^CCD camera 15 operates, the 

possibi,ity Pf of each f,e,d is expressed by 

Equation 8 below, rather than Equation 4. 



40 Pi = 1 -e- mX Equation 8 



45 



so 



55 



using Equation 8. the pa** concents is calculated M. the n™t>e, * partcles phoned h 
unit or a printer unit . urine images of almost still particles 

flash-on time). „„ ntain , on e oarticle or less per 1 microliter. As the volume of sample 

A typical norma, urine specmen °^^«J2£ > * ^rely be found in the view field. On the other 
liquid in one view field is 0.02 m.crol ter such a P^cle w, , rar y ^ ^ 

hand, if of sample liquid ^.^l**^^. ^ , n this embodiment, the CCD 

is a high possibility that the quantity f '^^ } ^^ photograph a particle only at 

XX Z£ « irST7irrSr^ ,, «. arrangement, the operator can get 
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images of particles efficiently even when the sample liquid has very low particle concentration. 

For analysis of a diseased urine specimen, whose particle concentration is some hundred times that of 
a typical normal urine specimen, a lot of particles pass through the view field of the CCD camera in an 
image storage period. However, clear non-doubled images of particles can be obtained since the pulse light 
source 21 flashes once in the image storage period. These images can make the analysis of particle types 
easy Also all particles passing through the flow cell are counted by the counter 36. Hence, the operator 
can determines the total number of particles contained in the sample liquid, although all particles cannot be 
photographed. Hence, it is easy to estimate the number of particles of each type from the ratio obtained 
from the result of image analysis and this total number of particles. 

Usually urine specimens contain various kinds of particles and it is very important to analyze particles 
of different kinds. For example, if a column-like particle is found in 15 microliters of a urine specimen, this 
may suggest the existence of a fatal disease. In analysis of a hematuric specimen which contains lots of red 
blood cells it is possible to configure this embodiment so that it does not photograph any red blood cell. 
This can be achieved if the particle detector 35. which detects particles by their light-intensity-change 
patterns is set to ignore the small and short-lasting light intensity changes made by red blood cells but to 
photograph particles which have a large and long-lasting light intensity change, corresponding e.g. to 

column-like particle. . 

It is also possible to estimate the ratio of particles of every kind in a specimen by counting particles of 
each type, discriminating the particles by their intensity change patterns using the counter 36. and 
comparing them on the basis of the result of image analysis of each particle type. 

As described above, this embodiment can perform satisfactory particle analysis on sample liquids 
having a wide range of particle concentrations. It is possible to estimate the concentrations of particles of 
every kind in the sample liquid. As this embodiment photographs the particles, and is not affected by 
intermittent or irregular flows of particles, the image recording unit can be an inexpensive general mass- 
storage medium such as a video tape recorder. This unit also enables later image analysis on screen. 

As both the pulse light emission system and the continuous light emission system in this embodiment 
share a condenser lens and an objective lens, the device can be simple, compact, and low in production 
cost Furthermore, the areas to be illuminated by the two emission systems can be placed very close to 
each other. This prevents the analysis from being influenced by uneven flow rate distribution and flow rate 
change in the flow cell 1 . 

In this embodiment, the operator can know the concentration of target particles in the sample liquid 
from the output of the particle detector before an image analysis is performed and change the flow rate of 
the sample liquid so as to get the optimum number of particles for analysis. 

A seventh embodiment of the present invention will now be described in detail with reference to Figure 

19 This embodiment is the same as the sixth embodiment except for the structure of the flow cell. In this 
embodiment, the transparent flow cell 5 is so structured so that the sample liquid may flow from the pulse 
light source 21 to the microscope 13 and that the laser light 19 may pass through the flow cell 5 laterally. 

When a particle 7 to be analyzed comes into the continuous light emission area 8. light rays in the area 
8 are scattered by the particle 7. The scattered light rays are focussed by the objective lens 12 to the 
sensor 16 and detected. The pulse light source 21 flashes at a constant delay time later, in dependence on 
the detected light pattern. The focal depth of the high resolution microscope is very small. Therefore, 
images of particles outside the thin image pickup area 10 are not clear. In this embodiment, however, sharp 
images can be obtained since particles 7 are photographed at the time when they are in the image pickup 

area 10. . 

Furthermore, in this embodiment, sample liquid flows vertically through the thin image pickup area 10. 
This can increase the cross section of the sample liquid flow. Consequently the number of particles passing 
through the image pickup area per unit time can be increased, which reduces the time of measurement. 
Furthermore, an increase in the cross section of the flow can reduce pressure loss in the flow cell 5. 

Furthermore as continuous light 25 goes through the flow cell laterally, it never reaches the objective 
lens 12 directly. Only those light rays which have been scattered by a moving particle can reach the 
objective lens 12. In other words, no light signal reaches the sensor 16 unless a particle flows through the 
flow cell. Hence, even small particles can be detected with high sensitivity. Another advantage of this 
arrangement is that no unwanted light rays reach the CCD camera 15 and spoil the images. 

A seventh embodiment of the present invention will now be described in detail with reference to Figure 

20 The embodiment shown in Figure 20 uses a sample container 60 such as a cup instead of the sample 
disk 86 shown in Figure 1 and such a sample container is placed directly in the preprocessor 87. This 
structure can operate without a sample disk 86 and its driving unit. Consequently the device can be more 
compact and lower in cost. 
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Claims 

1. An apparatus for investigating particles in a fluid, comprising: 

guide means (1) for guiding a flow of said fluid containing said particles; 

a particle detector (16, 35, 76) for detecting said particles, the particle detector (16,35,76) being 
located proximate a first part (50a. 50b) of said guide means (1) and being arranged to generate 
corresponding particle detection signals; 

image means (15, 75) for generating images of said particles, the image means (15.75) being 
located proximate a second part (10a, 10b) of said guide means (1), said image means (15. 75) being 
arranged to generate said images in dependence on said particle detection signals; and 

analysis means (32. 39) connected to the image means (15.75) for analyzing said images for 
investigating said particles; 

characterized in that: 

said analysis means is arranged to derive a particle concentration measurement corresponding to 
the concentration of said particles in said flow of said fluid, said analysis means including counting 
means (32) for counting said particles in said images to obtain an initial concentration value and 
compensation means (36) for modifying said initial concentration value by a compensation coefficient, 
thereby to derive said particle concentration measurement. 

2. An apparatus according to claim 1 , wherein said compensation means (39) is arranged to receive said 
particle detection signal, whereby said compensation coefficient is dependent on said particle detection 
signals. 

3. An apparatus according to claim 1 or claim 2. wherein said compensation means (39) includes means 
(39a) for storing said compensation coefficient. 

4. An apparatus according to any one of the preceding claims, wherein said particle detector (16. 35, 76) 
has means (76) for generating a continuous light beam incident on said first part (50a. 50b) of said 
guide means (1) and a light detector (16) for detecting the interaction of said light beam and said 
particles. 

5. An apparatus according to any one of the preceding claims, wherein said image means (15. 75) 
includes means (75) for generating light pulses incident on said second part (10a, 10b) of said guide 
means (1) said light pulses corresponding to said particle detection signals, and an imaging device 
(15) for picking up images of said particles during said light pulses. 

6. An apparatus according to any one of the preceding cjaims, further including means (36) for classifying 
said particles into a plurality of groups. 

7. An apparatus according to any one of the preceding claims, wherein said guide means (1) is a flow cell 
arranged for guiding said flow of said fluid such that said fluid is planar at at least said first part (50a. 
50b) and said second part (10a, 10b) of said guide means (1). 

8. An apparatus according to any one of the preceding claims, wherein said image means (15) is arranged 
to select one of a plurality of magnifications for said images of said particles, and said guide means (1) 
is arranged to vary a dimension of said flow of said fluid at said second part of said guide means (1) in 
dependence on said one of said plurality of magnifications. 

9. An apparatus according to any one of the preceding claims, wherein said image means (15) is arranged 
to select one of a plurality of magnifications for said images of said particles, and said particle detector 
(15) is arranged to select one of a plurality of detection dimensions (50a. 50b) in dependence on said 
one of said plurality of magnifications. 

10. An apparatus according to any one of the preceding claims, wherein said image means is arranged to 
select one of a plurality of magnifications for said image of said particles in dependence on said 
particle detection signals. 
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11. An apparatus for investigating particles in a fluid, comprising: 

guide means (1 ) for guiding a flow of said fluid containing said particles; 

image means (15, 75) for generating images of said particles, the image means (15,75) being 
located proximate a part (10a. 10b) of said guide means (1); and 
s analysis means (32, 39) connected to the image means (15,75) for analyzing said images to 

investigate said particles; 

characterized in that said image means (15, 75) is arranged to select one of a plurality of 
magnifications for said images of said particles, and the said guide means (1) is arranged to vary a 
dimension of said flow of said fluid at said part (10a, 10b) of said guide means (1) in dependence on 
io said one of said plurality of magnifications. 

12. An apparatus for investigating particles in a fluid, comprising: 

guide means (1 ) for guiding a flow of said fluid containing said particles; 

a particle detector (1 6, 35) for detecting said particles, the particle detector being located proximate 
rs a first part (50a, 50b) of said guide means (1) and being arranged to generate corresponding particle 

detection signals; 

image means (15) for generating images of said particles, said image means (15.75) being located 
proximate a second part (10a, 10b) of said guide means (1), said image means (15) being arranged to 
generate said images in dependence on said particle detection signals; and 
20 analysis means (32, 39) connected to said image means (15 t 75) for analyzing said images to 

investigate said particles; 

characterized in that said image means (15) is arranged to select one of a plurality of magnifica- 
tions for said images of said particles, and said particle detector (16, 35) is arranged to select one of a 
plurality of detection dimensions (50a. 50b) in dependence on said one of said plurality of magnifica- 
25 tions. 

13. An apparatus for investigating particles in a fluid, comprising: 

guide means (1) for guiding a flow of said fluid containing said particles; 

a particle detector (16, 35) for detecting said particles, said particle detector (16.35) being located 
30 proximate a first part (50a, 50b) of said guide means (1) and being arranged to generate corresponding 

particle detection signals; 

image means (15) for generating images of said particles, said image means (15) being located 
proximate a second part (10a, 10b) of said guide means (1), said image means (15) being arranged to 
generate said images in dependence on said particle detection signals; and 
35 analysis means connected to said image means (15) for analyzing said images to investigate said 

particles; 

characterized in that said image means (15) is arranged to select one of a plurality of magnifica- 
tions for said image of said particles in dependence on said particle detection signals. 

40 14. An apparatus for investigating particles in a fluid, comprising: 

guide means (1) for guiding a flow of said fluid containing said particles; 

a particle detector (16, 35) for detecting said particles, said particles detector (16,35) being located 
proximate a first part (50a, 50b) of said guide means (1 ) and being arranged to generate corresponding 
particle detection signals; 

45 image means (15) for generating images of said particles, said image means (15) being located 

proximate a second part (50a, 50b) of said guide means, said image means (15) being arranged to 
generate said images in dependence on said particle detection signals; and 

analysis means (32, 39) connected to said image means (15) for analyzing said image to 
investigate said particles; 
so characterized in that: 

said analysis means is arranged to determine the number of said particles having: 
i) a predetermined size range in a first time period and to determine the number of said particles 
having said predetermined size _ range and being of a predetermined particle type in a second time 
period, 

55 or ii) a predetermined property in the first time period and to determine the number of said particles 

having said predetermined property and being of a predetermined particle type in the second time 
period. 
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Hi) a predetermined size range and being of a first predetermined type in the first time period and to 
determine the number of said particles having said predetermined size range and being of a second 
predetermined type in the second time period. 

5. An apparatus according to claim 14. wherein said first time period is included in said second time 
period. 

6. An apparatus according to claim 14. wherein said second time period is included in said first time 
period. 

7. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said fluid containing said particles, said flow having a first part and a second 

^ detecting (16. 35. 37) said particles at said first part of said flow and generating corresponding 
particle detection information; and 

generating images (15. 75) of said particles at said second part (10a. 10b) of said flow, said 
generating of said images being in dependence on said particle detection information; 

characterized in that: 

said particles in said images are counted (32) to obtain an initial concentration value; and 

said initial concentration value is modified (36) by a compensation coefficient, thereby to analyze 

said images to investigate said particles to derive a particle concentration measurement corresponding 

to the concentration of said particles in said flow of said fluid. 

a A method according to claim 19. further including classifying said particles into a plurality of groups in 
dependence on said particle concentration measurement: 

guiding (1) a flow of said fluid containing said particles, said flow having a first part and a second 

part; 

detecting (16. 35. 37) said particles at said first part of said flow and generating corresponding 
particle detection information; and 

generating images (15. 75) of said particles at said second part (10a. 10b) of said flow, said 
generating of said images being in dependence on said particle detection information; 

characterized in that: 

said particles in said images are counted (32) to obtain an initial concentration value; and 

said initial concentration value is modified (36) by a compensation coefficient, thereby to analyze 

said images to investigate said particles to derive a particle concentration measurement corresponding 

to the concentration of said particles in said flow of said fluid. 

19. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said fluid containing said particles; 

generating images (15. 75) of said particles at a part (10a. 10b) of said flow; and 
analyzing (32. 39) said images to investigate said particles; 
characterized in that 

said method further includes selecting one of a plurality of magnifications for said images of said 
particles, and varying a dimension of said flow of said fluid at said part (10a. 10b) of said flow in 
dependence on said one of said plurality of magnifications. 

20. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said fluid containing said particles, said flow having a first part (50a. 50b) and 
a second part (10a. 10b); 

detecting (16. 35. 76) said particles at said first part of said flow and generating corresponding 

particle detection information; 

generating (15. 75) images of said particles at said second part (10a. 10b) of said flow, said 
generating of said images being dependent on said particle detection signals; and 

analyzing (32. 39) said images to investigate said particles; 

characterized in that: 

said method further includes selecting one of a plurality of magnifications for said images of said 
particles, and selecting one of a plurality of detection dimensions in dependence on said one of said 
plurality of magnifications. 
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21. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said liquid containing said particles, said flow having a first part (50a. 50b) and 
a second part (10a. 10b); 

detecting said particles at said first part (50a. 50b) of said flow and generating corresponding 
particle detection information; 

generating (15. 75) images of said particles at said second part (10a, 10b) of said flow, said 
generation of said images being dependent on said particle detection information; and 

analyzing (32, 39) said images to investigate said particles; 

characterized in that: 

said method further includes selecting one of a plurality of magnifications for said image of said 
particles in dependence on said particle detection information. 

22. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said fluid containing said particles, said flow having a first part (50a. 50b) and 
a second part (10a, 10b); 

detecting (16. 35, 76) said particles at said first part (50a. 50b) of said flow and generating 
corresponding particle detection information; 

generating (15, 75) images of said particles at said second part (10a. 10b) of said flow, said 
generating of said images being dependent on said particle detection information; 

characterized in that: 

the method further includes: 

determining the number of said particles having a predetermined size range in a first time period; 

and 

determining the number of said particles having said predetermined size range and being of a 
predetermined particle type in a second time period; 
characterized in that: 
the method further includes: 
thereby to investigate said particles. 

23. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said fluid containing said particles, said flow having a first part (50a. 50b) and 
a second part (10a. 10b); 

detecting (15. 35. 76) said particles at said first part (50a. 50b) of said flow and generating 
corresponding particle detection information; 

generating (15. 75) images of said particles at said second part (10a, 10b) of said flow, said 
generating of said images being dependent on said particle detection information; 

characterized in that: 

the method further includes: 

determining the number of said particles having a predetermined property in a first time period; 

and 

determining the number of said particles having said predetermined property and being of a 
predetermined particle type in a second time period, thereby to investigate said particles. 

24. A method of investigating particles in a fluid, comprising: 

guiding (1) a flow of said fluid containing said particles said flow having a first part (50a, 50b) and a 
second part (10a, 10b); 

detecting (16, 35, 76) said particles at said first part (50a, 50b) of said flow and generating 
corresponding particle detection information; 

generating (15, 75) images of said particles at said second part (10a, 10b) of said flow, said 
generating of said images being dependent on said particle detection information; 

characterized in that: 

the method further includes: 

determining the number of said particles having a predetermined size range and being of a 
predetermined type in a first time period; and 

determining the number of said particles having said predetermined size range and being of a 
second predetermined type in a second time period, thereby to investigate said particles. 
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25. A method according to any one of claims 22 to 24. wherein said second time period is included ii 
first time period. 

26. A method according to any one of claims 22 to 24. wherein said first time period is included ii 
s second time period. 
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FIG. 8 
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Low magnification mode High magnification mode 
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FIG. 19 
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